The distributions of the concentrations of methane, ethene, ethane, propene, and propane in twelve l-to 2-m-long gravity cores for two transects from nearshore to midslope off the southwest Texas Gulf Coast are reported. Methane profiles exhibit maxima in the top 40 cm of sediment on the shelf, in contrast to downward increasing gradients in the slope region. Nearshore surface methane concentrations ranging from 50 to 400 t•l (normal temperature and pressure) per liter pore water are apparently due to microbial production ij• sulfate-free microenvironments such as fecal pellets in a near-seawater sulfate environment. A decrease in sediment methane levels to less than 5 t•l/l pore water in downslope sediments is attributed to reduced microbial activity due to lower organic contents and temperatures. Profiles of the saturated and unsaturated C: and Ca hydrocarbons suggest that these gases are also microbia!ly produced.
INTRODUCTION
Since the early report of gases in marine sediments by Emery and Hoggan [1958] , several investigators have published concentrations of methane and other gases in nearsurface marine sediments [Reeburgh, 1969 [Reeburgh, , 1976 Reeburgh and Heggie, 1974; Whelan, 1974; Berner, 1974, 1977; Barnes and Goldberg, 1976] . These studies are all concerned with anoxic marine sediments such as are found in deltas, estuaries, marshes, and marine basins. Methane exists in these sediments as a result of microbial production from organic substrates and/or CO•. Since large quantities of methane (several milliliters per liter interstitial water) have only been observed in marine sediments below the depth of sulfate depletion and all known methanogenic bacteria are obligate anaerobes [Toeden and Hattingh, 1969] , it has been accepted that methane is microbially produced only in the absence of dissolved sulfate below the anaerobic sulfate reduction zone [Claypool and Kaplan, 1974] . Martens and Berner [1974] suggested that methane could be produced above this zone within organic-rich microenvironments such as decaying organisms or shell fragments. Barnes and Goldberg [1976] reported methane concentration profiles from anoxic Santa Barbara Basin sediments which indicated that methane was actively consumed by the bacterial population of the sulfate-reducing zone. They suggested that methane generation and sulfate reduction are not mutually exclusive processes but rather that low methane levels in sulfate-reducing sediments represent a balance between production by methanogenic bacteria and consumption by sulfate reducers. Martens and Berner [1977] recently concluded that methane is most likely produced only in the absence of bacterial sulfate reduction, and upon diffusing upward it is consumed by sulfate-reducing bacteria. Reported here are measurements of methane in lower Texas continental shelf and slope sediments of the Gulf of Mexico. The top few meters of the sediments studied are only mildly reducing, having interstitial sulfate concentrations similar to those of seawater. Dissolved gas profiles indicate that methane is microbially produced at the greatest rates in the top several centimeters of these shelf and slope sediments. plastic liner, was removed from the core barrel and sectioned at specific depths. Five-centimeter sections were immediately extruded into 0.5-1 containers holding 125 ml of sodium-azidepoisoned hydrocarbon-free seawater. The containers were capped, and the headspaces flushed with helium or nitrogen through septa in the lids. The hydrocarbon gases dissolved in the interstitial water were equilibrated with the gas phase by agitation for 5 min with a high-speed shaker. The shaker also dispersed the sodium azide throughout the sediment to inhibit microbial activity. The headspace gases were then analyzed, or the containers were inverted to form liquid seals around the lids and stored in darkness at near-freezing temperatures until analysis.
The system for analysis of the light hydrocarbons is shown schematically in Figure 1 . Trap A contains activated charcoal maintained at liquid nitrogen temperature for removal of hydrocarbon impurities in the purge helium stream. The system is flushed by opening all valves and heating trap B to •90øC with a boiling water bath. Trap B contains Porapak Q as a substrate to collect the hydrocarbons. Liquid nitrogen is placed around the trap, and valve C is closed before the container is coupled to the system by inserting 20-gauge needles into the septa (outflow line first). Helium enters the sample container through valve D, purges the headspace gases through an anhydrous magnesium perchlorate drying tube, and carries the light hydrocarbons into trap B, where they are quantitatively collected.
The flush rate is adjusted by valve D to 1 l/min so that the hydrocarbons in the 0.2-1 headspace are quantitatively removed in 2 min. The trap is then isolated by closing valves F and G, and the container removed from the system. The trap is then heated and injected into the carrier stream by a pneumatic slide valve, and the hydrocarbons are separated on a 3-m, 1.5-mm-ID Porapak Q column thermostated at 60øC. A flame ionization detector (HP 5710A gas chromatograph) is used in conjunction with an electronic integrator (HP 3380) for the analysis of hydrocarbon concentrations. A typical chromatogram showing separation of the gases is shown in Because of the solubility differences of the light hydrocarbons in seawater the partition coefficients between the water-sediment mixture and the headspace vary for each hydrocarbon. Partition coefficients for the individual hydrocarbons were determined by repeated equilibrations of samples after replacement of the headspace gas with helium. After purging, 
where K is the partition coefficient for a particular hydrocarbon and (X:/X•)t is the ratio of the detector response generated by component i from the first (X•) and second (X:) equilibrations. These partition coefficients represent the fraction of total gas in a sample container that is present in the gas phase after an equilibration. Since at least 80% of every light hydrocarbon gas is removed from the sediment by each equilibration, simply summing the response from the first two equilibrations would represent at least 96% recovery of each gas from the sediment samples. Since coefficients for a group of cores taken and analyzed under similar conditions are quite repetitive, it is faster and more accurate to establish standard partition coefficients of each gas in a group of core samples by performing second equilibrations only on selected samples. The total response of a gas in a sample (T t) can then be calculated by using
After a volume of a standard gas mixture is trapped and injected into the gas chromatograph for calibration, concentrations of each gas can be calculated by C, = (C,ta/X, ta), x (V, ta/Vm,.,a) x T•
where gas concentration Ct is in microliters per liter wet sediment, Csta is the concentration of component i in a standard gas mixture in parts per million, Xsta represents the detector response generated by standard component i, V•ta is the volume of standard gas in milliliters, and Vmua is the volume in milliliters of sediment placed in the sampling container.
As an experimental verification of the analytical procedures a sediment sample was equilibrated and purged five times to remove all measurable light hydrocarbons. A 20-cm a sample of standard gas containing quantities of light hydrocarbons in the range of those typically measured in continental shelf sediment samples was injected into the container. The container was then agitated to equilibrate the hydrocarbons, and headspace gases were measured as was previously outlined. After pur- ging, the container was reequilibrated, and the new headspace gases were measured. The data generated by the experiment are presented in Table 1 Table 2 . Both groups were stored in a refrigerator, but group A was warmed to room temperature (20øC) before analysis, whereas group B was heated to about 40øC in a hot-water bath. The gas solubilities in 20øC distilled water calculated from the data of McAuliffe [1966] are also tabulated for comparison. The solubilities of most of these gases in seawater are not accurately known but should follow the same trend as is followed in distilled water.
Partition coefficients are a function of the solubilities of gases, which in turn depend on temperature. The coefficients listed in Table 2 reflect the relative gas solubilities, decreasing with increasing solubility, and so on. Group B partition coefficients were noticeably higher than those of group A, indicating the negative effect of higher temperature on gas solubilities. Higher partition coefficients decrease the chance of error in the calculation of total gas in the samples because relatively more gas is removed from the sample during the first equilibration, so warming the samples to 40øC is now the preferred proce- For measuring methane concentrations in excess of saturation at 1-atm pressure, such as are typically found in sulfatefree, reducing sediments, our sampling method is inferior to the so-called in situ pore water samplers developed by other investigators, because of the possibility of outgassing during core retrieval. However, in situ samplers cannot presently sample sufficient pore water for precise determinations of light hydrocarbons other than methane. The sediment depth which can be reached .and the sampling intervals are also somewhat limited by the in situ technique. Concentrations of hydrocarbon gas existing in the top few meters of the Texas continental shelf and slope sediments are far below saturation, so that the escape of gas during handling by our sampling method is driven only by the processes of molecular diffusion from the core material. The time period that the core material is exposed to conditions causing loss of gas due to outward diffusion after extrusion is generally less than 1 min. The depth within the core section to which significant gas loss occurs during this time can be estimated by using a diffusion coefficient of 2 x l0 -8 cm•'/s [Martens and Berner, 1977 ] to be about 0.1 mm. In effect then, in 1 min, diffusive processes skim the outer 0.1 mm from the surface of the exposed core section, introducing a maximum reduction of 1% in the total gas content of a sample. [Vogel, 1968] at selected depths in cores taken at stations 1-7. These samples were taken immediately above core sections for light hydrocarbons, and millimolar sulfate concentrations are listed adjacent to corresponding light hydrocarbon sampling intervals in Table 3 . [Zobell, 1946] . The decrease is most rapid in the top few centimeters of sediment and generally slows, becoming sporadic with increasing depth [Zobell, 1942] .
The vertical distribution of bacteria in sediments can be directly correlated with available organic matter and nutrient material. Much of the organic matter of marine sediments consists of material which is fairly refractory to bacterial decomposition, so changes in total organic matter with sediment depth due to microbial activity are seldom observable. The surface sediment is subject to a constant rain of organic detritus, however, including the more labile material which is rapidly consumed by bacteria before burial. As available organic matter and nutrients disappear with depth in the sediment, bacterial populations decrease. shelf break must inhibit microbial activity and methane production to the extent that methane diffuses out of the sediment before it can accumulate as it does nearer shore. This conclusion implies that surface methane production in Texas shelf sediments might be seasonally influenced. Low temperatures nearshore in winter (,-,12øC) could inhibit microbial activity and slow methane production. Warming of the sediments in the spring and summer, enhanced by increased detrital input from phytoplankton blooms and runoff, might accelerate methane production in the microenvironments, causing annual methane oscillations at the tops of nearshore sediments. the overlying water. These observations and conclusions are discussed in detail in another report [Bernard, 1978] .
OTHER LIGHT HYDROCARBON PROFILES
Interstitial concentrations of ethene, ethane, propene, and propane at station 6 are plotted against sediment depth in Methane is apparently microbially produced in microreducing environments and removed by biological oxidation and diffusion into the overlying water. Production rates are related to microbial activity, organic content, and temperature of the sediments. Profiles of C: and C3 hydrocarbons imply that background concentrations of these gases are also controlled by microbial processes.
Further work needs to be done to substantiate the activity of methanogenic and other light-hydrocarbon-producing bacteria in sulfate-rich sediments. Interesting considerations include whether populations of methanogenic bacteria follow the general vertical microbial distributions and to what extent methane and other hydrocarbon gas would be produced in deep-sea sediments incubated at shallow water temperatures.
